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answer cells or the ‘don’t know’ cell. 


THIS ASSIGNMENT IS DIVIDED INTO TWO PARTS. PART A IS FORMATIVE AND DOES NOT 
COUNT TOWARDS YOUR TOTAL MARK. PART B IS SUMMATIVE AND DOES COUNT TOWARDS 


YOUR TOTAL MARK. 


PART A (FORMATIVE) 


The questions in this part of the assignment cover 
Units 1 and 2. Part A of this assignment is formative; 
the marks for it do not count towards your total mark 
for this assignment. 


ОТ А radar-ranging experiment is used to 
determine the distance from the Earth of a new 
planet, Planet N. A pulse of radio waves is beamed 
from Earth to Planet N. The echo of the pulse is 
received back at Earth 4 minutes 40 seconds later. 
Choose from the key the one response that is closest 
to the distance of Planet N from Earth at the time of 
the measurement. (Assume the speed of light is 
3.0 x 108ms~!.) Pencil across one cell in row 1. 


KEY for Q1 

A 5.4 х 105m Е 5.2 х 10!°m 
B 1.1 х 106т F 8.4 х 10!°m 
С 3.5 х 1010m G 1.7 х 10! т 
D) 4.2 х 1010m Н 2.3 х 10! т 


О2 A star is 10рс from the Sun. (Трс = 
2.06 x 105au.) What astronomical parallax will the 
star have? Choose the one correct answer from the 
key. Pencil across one cell in row 2. 


KEY for Q2 

А 2.06 x 10-“ seconds of arc 
4.12 x 1076 seconds of arc 
0.1 seconds of arc 

0.2 seconds of arc 

0.4 seconds of arc 

2.06 seconds of arc 

2.06 x 105 seconds of arc 
2.06 x 105“ seconds of arc 


тоачнодџ 


Q3 Ага certain time, the apparent luminosity of 
Proxima Centauri, as measured through a telescope on 
an intergalactic spacecraft, is found to be L units. At 
a later time, the apparent luminosity is found to have 
fallen to L/9. What is the ratio of the distance from 
the spacecraft to Proxima Centauri at the time of the 
first measurement, d,, to the corresponding distance 
at the time of the second measurement, d,? Choose 
one option from the key for the value of 41/45, and 
pencil across one cell in row 3. 


KEY for Q3 = 

A 9 (Б) 1/3 

B 3 F 1/9 

CI G -1727 

D 8/9 H 1/81 

Q4and Q5 In each key, there are two correct 


statements and five incorrect statements. Choose the 
two correct statements in each key. Pencil across two 
cells in row 4 and two cells in row 5. 


KEY for Q4 


| A The higher the surface temperature of a star, the 


shorter is the wavelength at which the peak in its 
black-body spectrum occurs. 


В All stars in the same cluster move in exactly the 
same direction. 


C Hubble’s law implies that distant galaxies 
formed before nearby galaxies. 


D The moving cluster method can be used to 
measure the distance to any star that is less than 
150 pe from Earth. 


E The apparent brightness of quasars indicates that 
they are extremely distant objects (beyond about 
1 Gpo). 

F The colour-luminosity correlation allows the 
distances to stars that are 1 Gpc from Earth to be 


а 
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Stop Press No. 8: Error in CMA 45 


MA 4 ion 


It has just been pointed out to us that there is an error in option G, Question 6 of 
CMA 45. Please note that option G should read: 


ае aescriped by ње 2, = 1 (nat Ј 5 2). 


We apologize for any confusion this may have already caused. 


determined to an accuracy of better than 15 рег 
cent. 


G If galaxies have been receding since the origin of 
the Universe at the same speeds as are currently 
observed, then the Hubble constant must have 
decreased with time. 


KEY for Q5 


xA If Cepheid A has a longer period than Cepheid В, 
then the apparent mean-luminosity of A must be 
greater than the apparent mean-luminosity of B. 


В Cepheid variable stars can be used to determine 
the distance to galaxies that are 500Mpc from 
Earth. 


С The positions of Cepheid variable stars change 
periodically with time, with periods in the range 
1-300 days. 

D Cepheid variable stars are not found in the Milky 
Way Galaxy. 


JE The apparent luminosity of the brightest blue star 
in a galaxy can be used to estimate the distance to 
the galaxy. 


F The apparent luminosity of the brightest galaxy 
in a cluster can be used to estimate the distance to 
the cluster. 


j G If Cepheid variable star A has a longer period 
than Cepheid variable star B, then the absolute 
mean-luminosity of A must be greater than the 
absolute mean-luminosity of B. 


Q6 to Q8 These questions concern the motion of a 
child who is running up and down a garden path. The 
child’s displacement along the straight path (which 
follows the x-direction) is represented schematically 
by the graph in Figure 1. 


*s./m 


FIGURE 1 


Об Choose from the key two responses corres- 
ponding to times when the child is at rest. Pencil 
across two cells in row 6. 


KEY for Q6 

A 15 Е 125 

В 2.55 Е 185 
“С 4.55 G 205 

D 6.55 Н 265 


Q7 Choose from the key two responses 
corresponding to times when the x-component of the 
child’s velocity is negative. Pencil across two cells in 
tow 7. 


KEY for Q7 

ЈА 6s E 26s 
B 10s F 29s 
С- 155 G 31s 
D 19s H 34s 


Q8 Choose from the key the one response 
corresponding to a time when the child’s speed is 
greatest. Pencil across one cell in row 8. 


A 2s E 155 
B 4s F 20s 
C 8s G 26s 
D 12s H 30s 
Q9 and Q10 А саг is speeding along the МІ 


motorway at 4010 $7! (approximately 90 miles per 
hour) when the driver observes an accident ahead. He 
slams on the brakes, the wheels lock immediately, 
and the car skids to a halt. You may assume that the 
car travels in a straight line while it is skidding and 
that the magnitude of its acceleration is 10 m s~?. 


О9 What distance does the car travel between the 
time that the brakes are applied and the time that the 
car comes to rest? Choose from the gey the one 
response closest to the correct answer. Pencil across 
one cell in row 9. 


KEY for Q9 

A 2m E 40m 
B 4m (F) 80m 
C 8m G 160m 
D 20m H 320m 


Q10 How much time elapses between the instant 
that the brakes are applied and the instant that the car 
comes to rest? Choose from the key the one response 
that is closest to the correct answer. Pencil across 
one cell in row 10. 


KEY for Q10 

A is E 85 
2s F 20s 

C 3s G 40s 

D) 4s H 805 


PART B (SUMMATIVE) 


The questions in this part of the assignment cover 
Units 1 and 2 and some general mathematics. The 
marks for Part B do count towards your total mark 
for this assignment. 


оп A star in a moving cluster has а true space 
motion that is at 30 degrees to the line of sight to 
the star. Measurements of the red shift of the star’s 
spectrum indicate that it has a radial speed of 
3.2 x 10-4рс per year. The proper motion of the star 
is 1.0 x 10-“ degrees per year. Estimate the distance 
to this star. Choose the one answer from the key that 
is closest to your estimate. Pencil across one cell in 
tow 11. 


KEY for Q11 


A 3.2 x 10-!0рс E 106pc 
В 94х 10-Зрс Е 318рс 
С) 1.8рс G 2.7 х 10*рс 
D 92pc Н 3.1 ха0дрс 


Q12 (The following information may be useful in 
answering this question: if y = at?, then dy / dt = За? 
where a is a constant.) A cyclist is travelling along a 
straight road in the positive x-direction. At t = 0, 
s, = 0, he applies his brakes and his displacement 5, is 
then described by the equation 


S, = £3/9 — 2t? + 12t 
(where s, is in metres and t in seconds.) 


What is the cyclist’s speed, measured in units of 
km h~!, at t = 0? Choose the response closest to your 
answer, and pencil across one cell in row 12. 


KEY for Q12 

A 12 E 34 
B 15 F 43 
С 19 G 56 
D 25 H 60 


Q13 What would the period of the Earth’s 
rotation about its own axis need to be for a person on 
the surface of the Earth at the equator to feel 
‘weightless’, i.e. for the centripetal acceleration to be 
exactly equal to the acceleration due to gravity 
(10ms~2)? Choose the one option closest to your 
own value, and pencil across one cell in row 13. 


KEY for Q13 

1 second 

1 minute 
10 minutes 
100 minutes 
5 hours 

10 hours 
100 hours 


Impossible to calculate without further 
information 


mantras & 


Q14 Figure 2 shows three vectors a, b and c all 
of which lie in the same plane. Choose from the key 
the two incorrect or meaningless equations. Pencil 
across two cells in row 14. 


KEY for Q14 
“A alb=1 E |[2а+с| = |с| 
В |c|/|a| = 1.41 ЈЕ a Север 26 
Ca ЕВ G ja|+|b|=|a+b| 
D at+c=-b “Н fal/|b|=1 
a 
b 
c 
FIGURE 2 


Q15 The period of oscillation T of a simple 
pendulum is related to its length L by the equation 


T=2nv L/g 


where g is the magnitude of the acceleration due to 
gravity. A student measures T for various values of L 
and wishes to verify this equation by plotting the 
quantities in such a way that the result is a straight 
line graph of the form of Figure 3 with a gradient of 
4n2/g. Select from the key the one response that 
will produce the desired graph. Pencil across one cell 
in row 15. 


ya 
0 x 

FIGURE 3 
KEY for Q15 
A у= Т,х= ув Е y=T7,x=vL/g 
В у=, х= Т? Е у= Т, х= 12 
С у= Т2, х= ја (G) у= Т2, х= І 
Эе теу Н у= Т2, х= 12 
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Course and assignment number: 


5271 01 


Covering: Units 1-4 . 
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Friday 24 April 1992 


Question 1 


This question relates to Unit 1, and carries 25 per 
cent of the marks for this assignment. 


Many techniques have been used to determine 
distances to stars and galaxies. One method makes use 
of the correlation between the colour of a star and its 
absolute luminosity. 


(a) Explain, in your own words, the basic steps 
involved in this colour—luminosity correlation 
method. In your answer, you should discuss: 


(i) the observations and assumptions that are 
necessary to ‘build up’ the correlation, including any 
measurements that are necessary for calibrating the 
method; 


(ii) the way in which the method might be used to 
determine the distance from Earth of a newly 
discovered star; 


(iii) the factors that determine the range of 
distances over which this method is used. (75 marks) 


(b) A certain star has an astronomical parallax of 
0.055 seconds of arc. It also has a measured apparent 
luminosity that 15 1072 times smaller than the Sun’s 
apparent luminosity. Assuming this star satisfies the 
colour-luminosity correlation shown in Figure 25 of 
Unit 1, estimate the star’s surface temperature. You 
should explain the reasoning behind your calculation. 
(Assume 1 pe = 2.06 x 10> au.) 


Will the star appear to be redder or bluer than the 
Sun? (10 marks) 


Question 2 


This question relates to Unit 2, and carries 25 per 
cent of the total marks for this assignment. 


A cricket batsman hits the ball back over the 
bowler’s head. The ball leaves the bat at a point that 
is 33cm above the ground and 3m from wicket A 
(Figure 1). At this point, it is travelling at 32ms~!, 


in a direction that is 40° above the horizontal and in 
the vertical plane that passes through the two 
wickets (i.e. in the plane of Figure 1). For the 
calculations in this question, you may ignore the 
effects of air resistance on the ball, and you may 
assume that g = 10ms~?. 


32 ms” 
40° 
33 cm 
2а a 
< 3m А| 
FIGURE 1 


(а) What is the maximum height that Һе ball 
teaches? (7 marks) 


(b) Show that the ball hits the ground 4.13 seconds 
after leaving the bat. (4 marks) 


(c) Determine the speed of the ball just before it 
hits the ground, and the direction in which it is 
travelling. (5 marks) 


(а) Does the ball carry for six runs, assuming that 
the boundary is 102m from the bottom of wicket A? 
(For those unfamiliar with cricket, to get six runs 
the ball must hit the ground beyond the boundary 
without bouncing first, so you must determine the 
distance from wicket A to the point the ball hits the 
ground.) (4 marks) 


Hint: before commencing your answer, draw a sketch 
of Figure 1 and mark in your coordinate axes. 


(In addition to the marks indicated for the four 
sections, 5 marks will be allocated for accurate use 
of notation for vectors and vector components.) 


Question 3 


This question relates to Unit 3, and carries 30 per 
cent of the marks for this assignment. 


An object of mass 2kg moves without friction in the 
xy-plane. At t = Os, the object is at the position 
x = Om and y = Om, and it is moving in the +y- 
direction with a speed of 2m s`! (Figure 2). Ignore 
gravitational forces. 


velocity 
2m 5-! 


position of object 
at t = 


FIGURE 2 


(a) Suppose that a constant force of magnitude 
0.4N and directed along the positive y-direction 
suddenly starts to act on the object at time t = Os. 


(i) Find the position of the object at t = 2s. 


(ii) Calculate how much energy is transferred to it 
by the constant force in this two second interval. 
(10 marks) 


(b) Suppose the constant force of magnitude 0.4N 
acted along the +x-direction instead of the +y- 
direction. (Assume the same position and velocity of 
the object at t = Os.) By first finding the x- and y- 
components of the object’s acceleration, calculate the 
position, kinetic energy and momentum of the object 
at the end of the two second interval. (13 marks) 


(c) Finally, reconsider the motion of the object 
with the 0.4 № force acting along +x-direction, but 
this time assume there is also a frictional force whose 
magnitude is constant with the value 0.4 М and whose 
direction at any moment is in the opposite direction 
to that of the object’s velocity. Describe 
qualitatively, with the aid of a rough sketch, the 
motion of the object from t = 05 onwards. Briefly 
explain your reasoning. (7 marks) 


Question 4 


This question relates to Unit 4, and carries 20 per 
cent of the total marks for this assignment. 


This question concerns a simple bridge (Figure 3) 
made from a uniform 6m long platform, whose 
centre of mass is at its mid-point. The mass of the 
bridge is 100 kg. At one end А of the bridge, there is 
a frictionless hinge. A rope of negligible mass is 
attached to the other end B. This rope passes over a 
small frictionless pulley and supports a 110 kg mass 
on its other end. 


mass 110 kg 


30° | mass 100 kg 
B 


FIGURE 3 


6m 


When the bridge is horizontal, the rope makes, at B, 
an angle of 30° to the horizontal. In answering all 
parts of this question, you may assume that the 
bridge is horizontal and motionless. 


(a) Calculate the magnitude of the tension in the 
rope. (3 marks) 


(b) The tension in the rope has the same magnitude 
at all points. Draw a diagram showing the direction 
of the torque about A exerted on the bridge by the 
tension in the rope. Calculate the magnitude of this 
torque. (5 marks) 


(c) In order to maintain the bridge in equilibrium, a 
vertically downward force F is applied at B. By 
applying the condition for rotational equilibrium 
show that the magnitude of F 15 50 М. (5 marks) 


(d) Calculate the force at the hinge A. (7 marks) 


In answering this question, you may assume that the 
bridge is a two-dimensional structure as shown in 
Figure 3. Assume that the magnitude of the 
acceleration due to gravity is 10ms~?. 
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Course and assignment number: 


5271 42 


Covering: Units 3 and 4 . 


You are strongly advised to attempt every question in this assignment. 


If you do not wish to answer a question, pencil across the ‘don’t know’ cell (‘?’). 
If you think that a question is unsound in any way, pencil across the ‘unsound’ cell 
(‘U’) in addition to pencilling across either an answer cell or the ‘don’t know’ cell. 


Cut-off date: 
Friday 1 May 1992 


Note For each question, you must pencil across either the required number of 


answer cells or the ‘don’t know’ cell. 


THIS ASSIGNMENT IS DIVIDED INTO TWO PARTS. PART A IS FORMATIVE AND DOES NOT 
COUNT TOWARDS YOUR TOTAL MARK. PART В IS SUMMATIVE AND DOES COUNT TOWARDS 


YOUR TOTAL MARK. 


PART A (FORMATIVE) 


The questions in this part of the assignment cover 
Units 3 and 4. Part A of this assignment is formative; 
the marks for it do not count towards your total mark 
for this assignment. 


ОТ А small rocket, of mass 2 х 103 Ке, takes off 
vertically from the surface of the Earth. The thrust 
from the motor produces a force of 3 x 104N 
vertically upwards on the rocket. You may assume 
that g = 10 т ѕ 2. Choose the one response closest to 
the magnitude of the acceleration of the rocket. 
Pencil across one cell in row 1. 


KEY for Q1 
A 2ms~2 Е 15ms~2 
В) 5ms~? F 20ms~? 
С 7Jms~2 G 25ms~2 
D 10ms~2 Н 30572 
y* 
F; 
60° =. = 
А B X 
Ы 30m > 
FIGURE 1 


Q2 A particle that is free to move in any direction 
is acted on simultaneously by two forces F, and F,, 
which transfer to the particle a total energy of 


TO JT mO aw > 


12001. The particle moves in a straight line between 
points A and B, which are separated by 30m. If the 
force ЕЈ has a magnitude of 60N and it has the 
direction shown in Figure 1, which two of the 
statements in the key about the force F, must be 
correct? (Note that F,, means the x-component of 
force F,.) Pencil across two cells in row 2. 


KEY for Q2 

F = 52N 

F,,=-10N 

F,, = 10N 

Fx = 30N 

Fz, cannot be specified using the data. 
[Е,| = 20N 

| F.| = 53 М 

|F| = 60N 


Q3 In a partially evacuated discharge tube, a 
sulphur atom (S) with speed 7 x 106m s~! collides 
with a stationary zinc atom (Zn), which is free to 
move in any direction. The sulphur atom moves 
backwards along its original path with a speed of 
106m s`! (Figure 2). Assuming that no other 
particles are emitted in the collision and that the 
mass of the zinc atom is double that of the sulphur 
atom, which two of the following statements about 
the collision are correct? (The collision is described 
by the laws of Newtonian mechanics discussed in 
Unit 3.) Pencil across two cells in row 3. 


7 х 10°! 
се 


Беѓоге (5) (ат) 
after (5) {Zn) 


FIGURE 2 


KEY for ОЗ 
A There is insufficient information to determine the 
speed of the zinc atom after the collision. 


B If the momentum of the zinc atom after the 
collision is denoted by p, the momentum of the 
sulphur atom after the collision must be given by 
&р. 

С Momentum тау not be conserved іп the collision. 


J 


The collision is inelastic. 


E After the collision, the zinc atom and the sulphur 
atom have equal amounts of kinetic energy. 


F The speed of the zinc atom after the collision is 
4x 106т57!. 

G The speed of the zinc atom after the collision is 
3x 10fms i 


Q4 A fire escape device consists of a drum that 
rotates freely about a horizontal axis on which is 
wound a rope to which the escaping person is attached 
(Figure 3). As she sinks to the ground, the drum 
rotates. Using the data given in Figure 3, calculate 
the speed at which the person in the example will 
meet the ground if she has fallen from rest through 
18 metres. You may assume that frictional forces are 
negligible. Choose the one response closest to the 
correct answer. Pencil across one cell in row 4. 


A 


moment of inertia 


= 80 kgm“ 
mass 
50kg 
FIGURE 3 
KEY for Q4 
A) 19т5-! Е 10ms`! 
В 18ms7! F 9ms`! 
С 17ms"! G Вто“! 
D 16т5-! Н 7ms`! 


Q5 A floodlight, mass 20kg, is suspended from 
two cables, OA and OB, that are attached to horizon- 
tal and vertical supports, as shown in Figure 4. What 
is the magnitude of the tension in cable OA? Choose 
the one response from the key that is closest to the 
correct answer. Pencil across one cell in row 5. 


A 20N E 231N 
B 35N F 315N 
С 173N (6) 346N 
р 200N H 400N 


Q6 Two planets A and B have circular orbits of 
radii rą and rg respectively around a certain star. 
What is the ratio ТА / Тв of the period ТА of the orbit 
of A to the period Тв of the orbit of B? You may 
assume that the gravitational force of attraction 
between the planets is always negligible. Choose the 
one correct expression from the key. Pencil across 
one cell in row 6. 


KEY for Q6 

A (ad le) Е (ra/rp)>!? 

В ralrgB Е (ra/rp)? 

С) (ral rp)?!” G (rg/ra)? 

D (ra/rp)? Н The answer depends on 


the mass of the planets. 


Q7 and Q8 Figure 5 shows a uniform rod OA of 
length З т and negligible mass, pivoted at O. A load, 
of mass 10kg, is suspended from A by a rope. The 
system is maintained in equilibrium by a horizontal 
cable attached to the rod at B, which is 2.5m from O. 


FIGURE 5 


Q7 Find the torque оп the rod about the pivot O 
exerted by the rope attached to the 10kg load. 
Choose from the key the one response that is nearest 
to your answer. Pencil across one cell in row 7. 


KEY for Q7 

15 N m into the page 

15 Мт out of the page 
26 Мт into the page 
26 N m out of the page 
150 N m into the page 
150 N m out of the page 
260 N m into the page 


Za Won Ww > 


260 N m out of the page 


Q8 In Figure 5, find the magnitude of the tension 
in the cable BC. Choose the one response from the 
key that is closest to your answer. Pencil across one 
cell in row 8. 


KEY for Q8 

A 13.4N Е 86.6N 
В 30.7N F 100N 
C 50.0N G) 120N 
D 69.3N Н 150N 


Q9 An object is placed on a plane whose 
inclination can be varied. When the inclination of the 
plane is 45° to the horizontal, the object just starts 
to slide with negligible acceleration down the plane. 
Choose from the key the one response closest to the 
magnitude of the acceleration of the object when the 
angle of inclination is increased to 60°. You may 
assume that the coefficient of dynamic friction 
between the object and the plane does not depend on 


the acceleration or speed of the object and is equal to 
the coefficient of static friction. 


KEY for Q9 

A 10т572 Е 2.4ms~2 

В 8.7ms~2 Е 1.0ms~? 

С 5052 G 0.5 т572 

DI 37522 Н The answer depends оп 


the mass of the object. 


010 The directions of three non-zero vectors, а, b 
and c, are along the positive x-, y- and z-axes, 
respectively, of a Cartesian coordinate system (Figure 
6). It is known that a = c = 2b # 2. Identify the two 
correct equations or inequalities in the key. Pencil 
across two cells in row 10. 


PART B (SUMMATIVE) 


The questions in this part of the assignment cover 
Units 2-5. The marks for Part B do count towards 
your total mark for this assignment. 


оп In order to simulate gravity for its 
inhabitants, a ring-shaped space station rotates about 
an axis that is perpendicular to the plane of the ring 
and that passes through its centre. At a particular 
instant, the moment of inertia of the space station 
and its contents about the axis of rotation is 
4 x 108&kgm?. A member of the crew of mass 100 kg 
then moves from a point 10m from the ring’s centre 
to the ring’s perimeter, which is 40m from the 
centre. Before the movement of the crew member, the 
space station rotated with angular speed 0.5rads~!. 
Choose from the key the one response closest to the 
magnitude of the change in angular speed of the space 
station that takes place as a result of the movement 
of the crew member. You may assume that 
throughout the process no external forces or torques 
act on the system. Pencil across one cell in row 11. 


FIGURE 6 

KEY for Q10 : 
XA axb=2c ME ссор р 
XB |а| + [6| = |с МЕ || [а/с] 

С [аха| = 4 Саг = ру 
ND |aXc|= 4b? Н a-a<0 

KEY for 911 

А О.5гад5-! Е 20x10 trads ! 


В 2.1х 10-2таїѕ-1 (F) 1.9 х 10-4rads7! 
С 2.0 х 10-2гайѕ-! G 2.0 х 10-6гайѕ-! 
D 1.9 x 10-3гайѕ-! Н 5.0 х 10-6гайѕ-! 


012 and Q13 А hypothetical unstable particle, а 
duplon, of mass 2m is moving іп а straight line at 
speed u when it disintegrates into two particles, 
simplons, each of mass m. One simplon is emitted 
with speed и at right angles to the original direction 
of motion of the duplon. 


Q12 Choose from the key the one response closest 
to the speed of the second simplon after the disinte- 
gration. You may assume that no external forces act 
on the system. Pencil across one cell in row 12. 


KEY for Q12 

A 0 E V3u 
В u/2 F 2u 
©) u G Уи 
D V2u H 3u 


Q13 Choose from the key the one response closest 
to the ratio E,/Eg, where E, is the total kinetic 
energy of the simplons after the disintegration and Eg 
is the kinetic energy of the duplon before the 
disintegration. Pencil across one cell in row 13. 


KEY for Q13 

A 0 Б 2 
В 0.3 E3 
CHOS G 4 
D) 1 H 5 


Q14 A particle of mass m travels with constant 
speed in a circular path in the xy-plane (Figure 7). Its 
position is denoted by r, its velocity by v and its 
angular momentum by L. Choose from the key the 
two correct statements or equations, and pencil across 
two cells in row 14. 

2 


ay 


=Y 


FIGURE 7 


KEY for Q14 

A m=LI/rv 

B The acceleration vector for the particle is in the 
same direction as r. 

C Lxr=mr?v 

D The x-component of the kinetic energy of the 
particle is constantly changing. 


/ E The resultant force acting on the particle acts in 


the same direction as L X v. 


х Е Тһе z-component of L is always zero. 


G The angular momentum is fixed in direction but 
constantly changing in magnitude. 

H The magnitude of r is less than zero half the 
time. 


Q15 When painting a ceiling, a house painter 
stands on a uniform plank, mass 40kg and length 
3m, which rests on two trestles (Figure 8). What is 
the maximum distance d from the end of the plank 
that the trestles may be positioned if there is to be no 
risk of the plank tipping when the painter (whose 
mass is 70kg) puts all of his weight оп опе end? 
Choose the one response from the key that is closest 
to the correct answer. Pencil across one cell in row 
15. ; 


L 3m d 
ст зи [ea сви 
86, AE 
FIGURE 8 
KEY for Q15 
A 86cm E 34cm 
B 71cm F 27cm 
C) 55cm G 15cm 
D 45cm H 0 (i.e. trestles must be 


at ends of plank) 
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Course and assignment number: 


S271 02 


Covering: Units 6-8 
Cut-off date: 
Friday 19 June 1992 


This assignment consists of four questions. 


Question 1 


This question is related to Unit 6, and carries 39 per 
cent of the marks for this assignment. 


To answer this question, you will need to use the 
conducting paper supplied for Measurement 4 (p. 42, 
Unit 6). We recommend that you tackle this question 
immediately after completing Measurement 4. If you 
have to put the kit away before tackling this question, 
leave the wires sellotaped to the conducting paper so 
that you do not damage the silvered regions. 


As well as testing your understanding of Unit 6, this 
question tests your ability to make experimental 
measurements and to analyse data. If, at any stage in 
the experiment, it proves impossible to make the 
required measurements, discuss the results that you 
believe you would have obtained if you had been 
successful. Also, explain the cause of your 
difficulties. A clear account, together with a correct 
analysis, can earn you up to three-quarters of the 
total marks for this question. 


Set up the apparatus for measurement 4 (see pp. 42-3, 
Unit 6), and adjust the power output so that the 
potential difference between the two silver strips is 
about 5V. 


(a) Figure 1 shows a line SS’ that joins points on 
the outside edges of the electrodes. Measure the 
potential difference between S and a set of points 
along the line SS’. About a dozen suitably spaced 
measurements should be sufficient. Repeat the 
procedure, measuring the potential difference between 
T and points on the line TT’. You should include a 
table of your measurements with your answer. 
Estimate the uncertainties in your measurements of 
potential difference and position. Then plot graphs of 
potential difference versus position for each of the 
two lines, and use error bars to indicate the 
uncertainties in your results. Indicate the positions of 
the silvered regions on your graphs. (14 marks) 


FIGURE 1 


(b) State clearly in mathematical symbols the 
relationships between each of the three components 
of the electric field and the electric potential. Briefly 
explain how the x-component ©, of the electric field 
at points on the lines SS’ апа ТТ“ is related to the 
graphs you drew for part (a). (5 marks) 


(c) From your potential difference graphs, derive 
how €, varies along the lines SS’ and TT’. Sketch €, 
versus x graphs to show the variation along each line. 
Your sketches should show clearly the positions of 
the silvered regions, but you do not need to calculate 
values for the electric field component in this part of 
the question. Explain, in a few sentences, the major 
features of your sketches. (12 marks) 


(d) Use your results from part (a) to determine the 
x-component of the electric field midway between S 
and S’. Estimate the uncertainty in this result. 

(4 marks) 


(е) Sketch again your graph €, versus x for the line 
SS’, and superimpose on it a sketch of the x- 
component of force F, felt by an electron at points 
on the line SS’. Comment very briefly on the 
relationship between the two graphs. (4 marks) 
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Question 2 


This question covers Unit 7, and carries 20 per cent 
of the marks for this assignment. 


In Section 2.5 of Unit 7, we saw how resistors in 
series or in parallel can be replaced by a single 
effective resistance. 


In this question, we consider the effective 
capacitance that is equivalent to combinations of 
capacitors in series or in parallel. 


C2 


gre dl 
= 4+ 


(а) (Ы) 
FIGURE 2 


(a) Figure 2(а) shows two capacitors, Cı and C3, 
connected in parallel to a battery. The effective 
capacitance Cs, stores the same amount of charge as 
this pair of capacitors. Derive an expression for Сен in 
terms of C, and C3. (4 marks) 


(b) Figure 2(b) shows two capacitors, Cı and C3, 
connected in series with a battery. The charge 
supplied by the battery to the left hand plate of C, is 
+0. Make a copy of Figure 2(b), and mark in the 
charges on the other plates of the capacitors. 


By considering the charges stored on and the voltages 
across each of the individual capacitors, show that, in 
this case, the effective capacitance Ceff is given by the 
expression 


(5 marks) 


(c) In Figure 3, the circuit in Figure 3(a) can be 
simplified and redrawn as Figure 3(b); here the 
capacitor Съ replaces the three capacitors Са and the 
resistor Ry replaces the four resistors Аа. 


If Ra = 10kQ,C, = 30uF and the internal resis- 
tances of the battery and meter are negligible: 


(i) what is the current recorded by the meter in the 
steady state? (3 marks) 


(ii) what is the value of the effective capacitance 
C»? In the steady state, what is the amount of charge, 
Q, stored on Ср? (4 marks) 


(iii) what current would the meter record 2s after 
disconnection of the battery? (4 marks) 


Ca 
| ae 
Са 
R, Ra 
Ra 
(Aw 
current 
(a) meter Ra 
10V | 
H 
F 
VVV 
Rp 
current 
(b) meter 
FIGURE 3 
Question 3 


This question is related to Unit 8, and carries 26 per 
cent of the marks for this assignment. 
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Figure 4 shows a system that can be used for the 
magnetic focusing of electrons. Electrons emerge 
from an electron gun at P. They all have the same 
speed, but initially, they move in a variety of 
directions with respect to the line PQ which lies 
along the x-axis. A magnetic field B, directly 
parallel to the line, is supplied by a solenoid S. 


(a) An electron emerging at P at a small angle to 
PQ will travel in a helical path. Draw a sketch to 
show how the helix would appear to an observer 
looking along the axis of the solenoid in the direction 
PQ. Mark on your sketch the direction of motion of 
the electron as well as P and S. (Assume that the 
radius of the helix is approximately 30% of the radius 
of the solenoid.) (5 marks) 


(b) Derive an expression for the radius of the helix 
traversed by an electron whose initial velocity has a 
magnitude v and is directed at an angle 0 to PQ. Your 
expression should be in terms of v, 0, field magnitude 
B, and fundamental constants. Explain the steps in 
your derivation. 


If the field produced by the solenoid has magnitude 
10-4T, what is the value of this radius for ап 
electron with an angle 0 of 3° and initial speed v = 
1х 107 т5-!9 (9 marks) 


(с) Show that the time to complete one revolution 
of the helix is independent of the angle 0. (3 marks) 


(d) The electrons will be focused at Q if they all 
travel through exactly one turn of the helix between 
P and Q. Show that if this condition is met for 
electrons emerging from P at an angle 0, the distance 
d from P to Q must be given by d = 2тотп соѕ Ө/еВ. 
When Ө is small (i.e. Ө < 5°), cos Ө = 1. Therefore, 
the electrons emerging from P with @< 5° will be 
focused at Q. For the field and velocity values in (b), 
calculate d for the system. (6 marks) 


In addition to the marks quoted above, 3 additional 
marks will be awarded for correct use of vector 
component notation. 


Question 4 
This question is related to Unit 8, and carries 15 per 
cent of the marks for this assignment. 


In Figure 5, circuit 1 comprises a battery, a switch 5, 
and a resistor. Nearby, and immediately below circuit 
1, is circuit 2. This comprises an ammeter A, 
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connected to a resistor in a closed loop, as shown. 
The ammeter gives a positive reading when current 
enters at X and leaves at Y. 


The switch is closed, and then, several minutes later, 
the switch is reopened. 


circuit | 


5 


circuit 2 


AANA Ae 


FIGURE 5 


(a) Comment on and explain the reading registered 
by the ammeter: 
(i) as soon as the switch is closed. 


(ii) several seconds after the switch is closed. 
(9 marks) 


(b) Comment on and explain the reading registered 
by the ammeter: 
(i) as soon as the switch is reopened. 


(ii) several seconds after the switch is reopened. 

(6 marks) 
In each explanation, you should included comments 
on the direction of any current through the meter, on 
magnetic flux and on any laws which are relevant to 
your explanation. 
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Course and assignment number: 


S271 43 


Covering: Units 6-10 


You are strongly advised to attempt every question in this assignment. 


If you do not wish to answer a question, pencil across the ‘don’t know’ cell (*?’). 
If you think that a question is unsound in any way, pencil across the ‘unsound’ cell 
(АД) in addition to pencilling across either an answer cell or the ‘don’t know’ cell. 


Cut-off date: 
Friday 17 July 1992 


Note For each question, you must pencil across either the required number of 


answer cells or the ‘don’t know’ cell. 


THIS ASSIGNMENT IS DIVIDED INTO TWO PARTS. PART A DOES NOT COUNT TOWARDS YOUR 


TOTAL MARK. PART B DOES COUNT. 


PART A The questions in this part of the assign- 
ment cover Units 6-10. Part A of this assignment 
does not count towards your total mark for this 
assignment. 


Questions 1—5 refer to Unit 6. 


Q1 Two charges, О, and Qs, are positioned on the x- 
axis at x = Om and at x = 2m, respectively. The 
electrostatic potential on the x-axis at x = 4m 15 
2.25 V, at x = 3m it is – 3 V, and at very large 
distances from the two charges the electrostatic 
potential is zero. Assuming that only charges Q, and 
Q, affect these electrostatic potentials, determine the 


value of ОЈ. Choose the one response from the key # 


that is closest to the correct answer. Pencil across 
one cell in row 1. 


KEY for Q1 = 

A 1x 10-!C E) 1x10-78C 
В 1x10-°C F -1x 1078C 
Ссс СЕКС С 
р 5х 10-9С H 5C 


Q2 and Q3 Each of the 
consists of a diagram (Figure 1), showing either or 


questions Q2 and Q3 


KEY for Q2 and Q3 


A The field(s) shown in this diagram cannot exist 
under any circumstances. 


B The field(s) shown in this diagram can exist, and 
there is no evidence of a charged body in the 
region. 

С The field(s) shown in this diagram can exist, and 
there is evidence of a single charged body in the 
region. 

D The field(s) shown in this diagram can exist if 
there is more than one charged body in the region. 


Q2 Choose the one response from the key 
appropriate to Figure la. Pencil across one cell in 
row 2. 


Q3 Choose the one response from the key appro- 
priate to Figure 1b. Pencil across one cell in row 3. 


Q4 Helium ions Не?“ of mass 6.70 х 10-27 kg and 
charge 2e are emitted from a source at zero electric 
potential and are attracted towards an electrode at a 
potential of 800 V. Select the option closest to the 
magnitude of the momentum acquired by a helium ion 
immediately before it strikes the electrode. You may 
neglect the initial speed of the ions as they leave the 


both the electric field and the electric potential in a 
rectangular region. The solid lines are electric field 
lines; the broken lines are equipotentials. For each 
diagram, select one correct response from the key. 
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FIGURE 1 


source. Pencil across one cell in row 4. 


KEY for Q4 

А 2.6 х 10-!®kgms7! 
В 3.4 х 10-17 kgms“! 
С 8.8 х 10-!8 кот! 
D 9.1х10-!9 кот! 


m™ QVM 


10x10 kgms 
1.9 x 10-21 kgms- ! 
8.9 x 10-22 kgms! 
5.5 х Ј0-Зкоето-! 


О5 А raindrop carries an electric charge of 150e. 
Estimate the magnitude of the electric force on the 
raindrop if the thunder cloud above it is at a potential 
of 50kV, and the cloud is 1000m above the Earth’s 
surface which is at zero potential. You may assume 
that the electric field between the cloud and the 
Earth’s surface is uniform. Choose the one response 
from the key that is closest to your answer. Pencil 
across one cell in row 5. 


KEY for О5 


A 10-3N Е 10-!N 
В 10-5N Е 10-3N 
С 10-7N G) 10-!5N 
D 10-9N Н 10-!7N 


Questions 6—8 refer to Unit 7. 


Q6 Two flat steel plates, each 4m x 3m, are 
separated by a thin polythene sheet, thickness 0.2 mm 
and dielectric constant 2.3. If a 12V battery were 
connected between the two plates, how much 
electrostatic energy would be stored in the region 
between the plates? Choose the one response from the 
key that is closest to the correct answer. Pencil 
across one cell in row 6. 


KEY for Q6 
A 214 х10-9Ј Е 88х10-5Ј 
В 73х10-5Ј Е 18x 10-47 
С 5 Феј G Ase 4) 
D 3.8 х 10-57 Н 5.9 х 107] 


Q7 A 10uF capacitor is charged by connecting it to 
a 200 V battery. The battery is then disconnected and 
a 2MQ resistor is connected across the capacitor 
leads. What is the rate of change of current through 
the resistor 30s after it is connected to the capacitor? 
Choose the one response from the key that is closest 
to the correct answer. Pencil across one cell in row 
7 


KEY for Q7 


A = Ех ЊЕЦАЈСЕ E -22x105 КЕ 
В -5.6x10-9As-! F -44х 10-4Ав-! 
(СУ _11х10-6АЗ Г G -5.6 x 10-2As-! 
D -5.0x1076As-! H -2.2As-! 


Q8 А current of 6.ОЏА flows through а 2.0 МО 
resistor when it is connected to a certain battery. 
When а 20 Q resistor is connected to the same battery 
in place of the 2.0M Q resistor, the current is 
0.55 A. What is the internal resistance of the battery? 
Choose the one response from the key that is closest 


to the correct answer. Pencil across one cell in row 
8 


KEY for Q8 


A 090 E 660 
B 100 F КО 
С) 1.80 с 170 
D 3.50 H 29 


Question 9-11 refer to Unit 8 


Q9 If the Earth carried a charge of 10!5С, its 
orbital motion around the Sun would be equivalent to 
a circular loop of current. The magnitude of the 
current is equal to the Earth’s charge passing through 
a given point in the loop every orbital period. What 
would be the magnitude of the magnetic field produc- 
ed at the Sun by such a charged Earth? Assume that 
the Earth’s orbit is a circle of radius 1.5 x 10!!m. 
Choose the one response from the key closest to the 
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correct answer. Pencil across one cell in row 9. 


KEY for Q9 

А 3.3 х 10-20Т Е 1.1x10-4T 
В 42 х 10-Т Е 42х10-3Т 
(С213 х10-0т G 40х10?Т 
D 1.3х10-5Т Н 3.0х10!9Т 


010 Two long fixed parallel wires А and В carry 
currents of 24A and 16A in the x-direction (Figure 
2). If the wires are 10cm apart, at which position 
between A and B must a third, parallel current- 
carrying wire be situated so that the force experienced 
by it is zero? Choose from A-D the position of the 
extra wire, and from E-G the direction of the current 
in the extra wire. Pencil across two cells in row 10. 


24A 
A > 
10cm — >y 
| 16A 
B га 
НОЏВЕ 2 
KEY for Q10 


A 2cm from A 

4cm from A 

6cm from A 

8cm from A 

The current must be in the x-direction. 

The current must be in the minus x-direction. 


The current may be in either the plus or minus x- 
direction. 


Q11 A square coil, 10cm x 10cm with 50 turns, 
can rotate on frictionless bearings about a vertical 
axis through its centre (Figure 3). A current of 2 
amps is passed through the coil, and there is a 
uniform horizontal magnetic field B, strength 0.5T, 
in the region of the coil. What is the magnitude of 
the torque on the coil when the magnetic field is in 
the plane of the coil and is parallel to the sides 
containing the bearings? Choose the one response 
from the key that is closest to the correct answer. 
Pencil across one cell in row 11. 


coil 


— 10 cm x 10 cm 
B 50 turns 
FIGURE 3 


KEY for Q11 


A ONm E 0.50Nm 
В 0.01Nm F 5.0Nm 
C 0.25Nm G 10Nm 
D 0.43Nm H 50Nm 


Questions 12-14 refer to Units 9 and 10. 


О12 A lens-maker comes to you for advice. He 
makes lenses from glass of refractive index 1.47. In 
order to minimize reflected yellow light (of 
wavelength 590nm), he wishes to apply a coating to 
each lens but is unable to decide which coating to use. 
Choose from the key those coatings (up to two) that 
would meet his needs. You should only choose 
coating(s) whose thickness(es) is/are optimized for 
590 nm light to within + 1 nm. Pencil across опе or 
two cells in row 12. 


KEY for Q12 
refractive coating 
index thickness/nm 

А Coating A 1.6 98 

B- Coating B 1.6 93 

С Coating С 1.5 98 

D Coating D 1.4 93 

E Coating E 1.3 227, 

Е. Coating Е 12 227 

G Coating G 1.2 123 


Q13 The label оп а cheap spectrometer claims it can 
just distinguish spectral lines separated by an angle of 
0.02° using a supplied diffraction grating. (The 
separation, d, of slits on this grating is 1.670 x 
1076m.) A student uses the spectrometer and grating 
to find the wavelengths of two spectral lines that can 
just be distinguished as separate. The student locates 


the shorter wavelength line at 20.65° in the first 
diffraction order. Assuming the manufacturer’s 
claims are true, what is the wavelength of the other 
spectral line? Choose from the key the one response 
that is closest to the correct answer. Pencil across 
one cell in row 13. 


KEY for Q13 

А 582.9 x 10-!0т Е 590.1 x 10-8 т 

В 588.4 х 10-9 т Е 4734 х10-от 

£ 588.9 х 10-9т G 473.6 x 10-6т 

D 589.5 х 10-9 т Н Insufficient information 


Q14 The key contains seven statements about waves. 
Two of these statements are true, and five are false. 
Choose the two true statements from the key, and 
pencil across two cells in row 14. 


KEY for Q14 


А If an electromagnetic wave is travelling іп the x- 
direction and is polarized in the y-direction, then 
the magnetic field must be in the y-direction. 


B By coating a lens with a suitable film of the 
appropriate thickness, the reflection of all visible 
light can be eliminated. 


C The nodes of a standing wave on a string travel 
along at a speed v that is given by the equation 


U= fA 


/ D At a fixed instant, a sinusoidal wave travelling 


along a string in the z-direction, with amplitude 
1 ст and wavelength 2m, can be represented by 
the expression y = (0.01 m) x ѕіп (л/т). 

E The speed of sound in a perfect vacuum is 
approximately 340 т ѕ-!. 


X Е Sound waves in air аге transverse pressure waves. 


G The amplitude of a sound wave varies with 
distance r from a small source according to an r~! 
law, i.e. amplitude œ г-!. 


Loo aM 


PART B The questions in this part of the assign- 
ment cover Units 6-10. The marks for Part B do 
count towards your total mark for this assignment. 


О15 Determine the electric potential at a distance of 
0.05 nm from a proton. You may take the proton to 
be a point charge of magnitude 1.6 x 10- 9 С. Select 
from the key the one response closest to the correct 
answer and pencil across one cell in row 15. 


KEY for Q15 

A 64V E 8.1x10-9V 
В, 29V F 31x10 VV 
С 0.13У G 1.6х 10-!19У 
Юр 1.1x10-3V Н 9.9 х 10-2! V 


Q16 Let € be the magnitude of the electric field at a 
point P at x =d, y = 0 due to a proton held fixed at 


the origin O of a cartesian coordinate system. Suppose 
a second proton is held fixed at the point x = 0, y = d. 
What is the x-component of the resultant electric 
_ field at P? Select from the key the option nearest to 
` the correct answer and pencil across one cell in row 
16. 


KEY for Q16 

A 28 Е 1.21% 
В 1.54 F 1.198 
С 1.41% Gg 
D )1.358 H 0.658 


Q17 In the circuit shown in Figure 4, the 10 volt 
battery has an internal resistance of 2Q. The 
voltmeter has an internal resistance of 1200 Q. What 
is the reading on the voltmeter? Pencil across one 
cell in row 17. 


10,29 2 


1200 Q 
FIGURE 4 
KEY for О17 
А 1.90V E 7.88V 
В 3.86V F 8.80V 
С 484V (G) 9.82 V 
D 6.88 V Н 10.0V 


Q18 A solenoid of 1000 turns of wire is 80cm long 
and of diameter 5cm. Inside the solenoid, near its 
centre and coaxial with it, is a loop of wire of 
diameter 4cm and resistance 0.1 Q. The current in the 
solenoid is increasing uniformly in time at the rate of 
1А 5-!. What is the magnitude of the current induced' 
in the loop? Select from the key the option nearest to 
the correct answer and pencil across one cell in row 
18. 


KEY for Q18 

А 1х 10-6А E 9х 10-6А 
В 2х 10-6А F 1х 10-5А 
С 4х 10-6А (С )2х10-5А 
D 8х 10-6А Н 4х 10-5А 


О19 A proton moves іп а region where there is а 
uniform electric field of magnitude 1500 V m~! and а 
uniform magnetic field of magnitude 0.40T. The 
directions of the fields make an angle of 30° with one 
another. What is the magnitude of the total force 
acting on the proton at an instant when it is moving 
with a speed of 6.0 х 103m s~! in the direction of the 
electric field? Select from the key the one option 
closest to the correct answer. Pencil across one cell 
in row 19. 


KEY for О19 


(A) 3.07 x 10-!'©N Е 7.71 x 10-5N 
В 1.92 x 10-!®N Е 4.81 x 10-5N 
С 2.40 x 10-!§N G 8.90 х 10-!4N 
D 8.11 x 10-5N H ON 


Q20 Two clowns, one of mass 90kg and the other 
of mass 70kg, are hanging from one end of a rope. 
Under their combined weights, the rope has extended 
0.60m. The less massive clown falls off and the 
clown that remains undergoes vertical simple 
harmonic motion. You may assume that the rope 
extends elastically by a distance that is proportional 
to the mass hanging from it and that the rope has 
negligible mass. What is the frequency of the simple 
harmonic motion of the remaining clown? Choose 
from the key the option closest to the correct answer 
and pencil across one cell in row 20. 


KEY for Q20 

A 0.11 Hz | Bev ЗС 
В 0.61 Hz F 1.9Hz 
(C 0.87 Hz G 2.1Hz 
D 1.1Hz H 2.8Hz 
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Course and assignment number: 


5271 03 


Covering: Units 9-12 
Cut-off date: 
Friday 14 August 1992 


This assignment consists of three questions. 


Question 1 


This question is related to Units 9 and 10, and 
carries 45 per cent of the marks for this assignment. 


(a) A uniform rod of mass 0.80kg is suspended 
from a point near one end and swings in simple 
harmonic motion with a period of 2.0s. The vertical 
separation of the lowest and highest points of the 
centre of the mass during a cycle is 2cm. 


(i) Calculate the maximum gravitational potential 
energy of the rod, taking the potential energy to be 
zero at the lowest point. (2 marks) 


Gi) Sketch roughly (i.e. do not plot points and do 
not use graph paper) a graph showing how the 
potential energy of the swinging rod varies with time 
over two complete periods starting with the rod at 
its lowest point at г = 0. Neglect all effects of 
friction. Label your axes clearly showing units and 
the scales. (4 marks) 


(iii) State the values of the kinetic energy of the rod 
at time г = 05, г = 15 апа г = 1.55. (3 marks) 


To answer part (b), you will need to plot three 
graphs, each on a separate sheet of graph paper. 


(b) A uniform metal rod one metre long has a 
number of small holes drilled at various points along 
its length so that it can be suspended from any one of 
them and made to swing like a pendulum as indicated 
in Figure 1. In an experiment, the period of 
oscillation, T, was measured for various points of 
suspension. The first two columns of Table 1 show 
the measured values of T and the corresponding values 
of x, the distance of the point of suspension, P, from 
the centre of mass, O, of the rod. The uncertainties in 
x are negligible. 


(i) Consider the hypothesis that the period, 7, of 
the vibrations depends on distance x in the same way 
as the period of a simple pendulum depends on its 
length (see_Units 9 and 10, ITQ 5 and answer). That 
is T = ди x/g. 


FIGURE 1 


Complete the second two columns of Table 1, copy 
Figure 2 onto a sheet of graph paper and plot the 
other five points from Table 1. State whether or not 
your graph supports the hypothesis, giving reasons 


for your answer. (10 marks) 
TABLE 1 

T/s x/m log (T/s) log (x/m) 
2.12+0.02 0.080 0.326 + 0.004 -1.10 
1.94+0.02 0.100 0.288 + 0.004 -1.00 
1.67 + 0.02 0.150 222 -0'$2 
1.58 +0.02 0.200 0:141 = 
153 +002 0.300 0:185 a 
1.55 +0.02 0.400 a see 
1.61+0.02 0.450 0:07 


(Send your graphs and the completed tables to your 
tutor along with the rest of your answers.) 
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TABLE 2 


1 + 1252/2 1 + 12x2//2 
T/s x/m log (T/s) E log (= T?/s2 

2.12 + 0.02 0.080 0.326 + 0.004 13.46 1.129 4.49 + 0.09 
1.94 + 0.02 0.100 0.288 + 0.004 11.20 1.049 3.76 + 0.08 
1.67 + 0.02 0.150 0:225 #47 О 429 4007 
1.58 + 0.02 0.200 0-191 F4 7' 869 2:50 40" 
1.53 + 0.02 0.300 0-15 6°41 0:84 2:34 ї0'06 
1.55 + 0.02 0.400 0" 190 tO O'v 7.40 10 
1.61 + 0.02 0.450 0: 207 "62 O: 922 1 +o 


(ii) A student carries out a theoretical analysis of 
the swinging rod of length / and concludes that it 
should swing with period T given by the formula 


Tl | 1 + 1222/Ё 

ү За 

In this experiment, / = 1m. Complete the 3rd, 4th 
and 5th columns of Table 2, and plot a log—log graph 


to show whether or not the data support the formula. 
State your conclusion giving your reasons. (/4 marks) 


T= 


(iii) When both sides of the formula in part (ii) are 
squared, the following formula is obtained 
XE 


1+ 1222/2 
За ) 


за 
Complete the last column of Table 2. Plot а graph of 
1+ 1222/2 


T2 


T? against 


Include error bars. Draw the best straight line you 
can through the points, measure the gradient of the 
line and give its units. From your measured gradient, 
obtain a value for g. 


In this final calculation, you may ignore experimental 
uncertainties. (12 marks) 


Question 2 


This question is related to Unit 11, and carries 32 
per cent of the marks for this assignment. 


A beam of caesium atoms is to be prepared by heating 
2.0 g of caesium to a steady temperature of 80°C іп 
an oven with a small hole in one side, Vaporized 
caesium atoms stream out of the hole and can be 
collimated into a narrow beam, the whole apparatus 
being enclosed in an evacuated chamber. The oven is 
cubic in shape of side 10cm and the hole is circular 
of diameter 1.0mm. (Figure 32 of Unit 11 shows a 
similar arrangement used to obtain a beam of bismuth 
molecules.) The pressure of caesium vapour above the 
molten liquid in the oven is 1.5 х 10-+mmHg at 
80°C. As caesium atoms are lost from the oven by 
streaming through the hole, so more liquid caesium 
vaporizes to maintain the vapour pressure at the 
constant value of 1.5 х 10-+mmHg. This continues 
until all the caesium is used up. 


It is obviously of interest to the experimenter to 
know how long the original 2.0g of caesium in the 
oven will last. This can be calculated in the 
following way: first determine the number of atoms 
in the caesium vapour inside the oven and how fast 


10 


they are moving; then calculate the rate at which 
atoms strike a given area of the wall. The rate at 
which atoms strike an area equal to the circular area 
of the small hole is the rate at which atoms are lost 
from the oven. If you know the number of atoms in 
the original 2.0g of caesium, then the working 
lifetime of the oven can be found. Now carry out 
these calculations step by step following (a) to (k) 
below. 


Assume that the caesium vapour behaves like an ideal 
gas. 


(a) Express the given pressure of caesium vapour 
іп Nm~2. (You may quote any facts or formulae in 
Section 2.1.1 of Unit 11.) You may assume the 
following if you need it: 


density of mercury = 13.6 х 107kgm~? 
acceleration due to gravity = 9.80 m s~? 


atmospheric pressure = 760 mmHg (2 marks) 


(b) Use the ideal-gas equation to determine the 
number of caesium atoms in the vapour inside the 
oven. (Neglect the volume occupied by liquid 
caesium.) (3 marks) 


(c) The relative atomic mass of caesium is 133. The 
Avogadro constant is 6.02 x 1023 mol~!. Using these 
two pieces of information, deduce the mass, m, of one 
caesium atom in kilograms. Explain your reasoning. 
(4 marks) 


(d) Make use of a prediction of the kinetic theory of 
gases to calculate the root-mean-squared speed, Vrms: 
of the caesium atoms in the oven. (3 marks) 


(e) By referring to tape frame 10 on p. 40 of Unit 
11, deduce the value of У( 02) for atoms in the oven. 
We shall refer to this speed as 04. (2 marks) 


(f) Consider an atom in the oven with x-component 
of velocity of magnitude vi. Determine the rate (i.e. 
number of times per second) at which the atom 
collides with an oven wall assumed to be 
perpendicular to the x-axis. (You may need to refer to 
tape frame 7 on p. 39 of Unit 11.) (3 marks) 


(g) Now make the following simplifying 
assumption. Assume that all atoms in the oven have 
an x-component of velocity equal to v}.. Using this 
assumption, determine the rate at which caesium 
atoms collide with the oven wall (i.e. the number per 
second colliding with the wall.) (2 marks) 


(h) Now calculate the rate, R, at which caesium 
atoms collide with an area of the wall equal to the 
circular area of the hole. This gives the rate of loss of 
atoms from the oven. (2 marks) 


(i) Calculate how many atoms there are in 2g of 
caesium. (3 marks) 


(j) From your answers to (h) and (i), show that the 
oven will work continuously for about one year 
before the caesium is exhausted. (2 marks) 


(k) The rate R at which atoms stream out of a small 
hole can be calculated correctly from the kinetic 
theory of gases without using the simplifying 
assumption of part (g). The result is 


R= aN Vrms 
\ 6m 


where о is the area of the small hole and N, is the 
number of atoms per unit volume of the container. 
Confirm that the right-hand side of this formula has 
the same physical dimensions as R. Using this 
formula, show that your answer to part (h) is too 
large by about 25%. (6 marks) 


Question 3 


This question is related to Unit 12, and carries 23 
per cent of the marks for this assignment. 


y y А 
— Vv 


spaceship S 


planet P 


Ср rocket К 
4— 


FIGURE 3 


A spaceship S is travelling in a straight line away 
from a small planet P (Figure 3). The speed of the 


spaceship has the constant value V in the inertial 
frame of reference in which the planet is stationary at 
the origin. 


(ау At time лп, a flash of light is emitted from the 
planet, and at time го, it arrives at the spaceship, both 
times being determined by observers in the planet’s 
frame of reference. 


An observer on the spaceship measures the arrival 
time of the light flash as 5. Show that if the frames 
of reference in which the planet and spaceship are 
stationary at the origins are in standard configuration, 
then 


ty “ЦА — М/с) 


V1—V2/c2 


Dt ту 


(10 marks) 
(b) The spaceship passes a rocket R (Figure 3) that 
is travelling in the opposite direction, i.e. towards 
the planet. According to observers on the spaceship, 
the speed of the rocket 15 Ив. Show that the speed of 
the rocket according to an observer in the planet’s 
frame of reference is 


V-V, 
Vrp = We (5 marks) 
1- ee 


(c) Give the corresponding expressions for tz, t and 
Үрр in parts (a) and (b) above that would be obtained 
if the Galilean coordinate transformations were used 
rather than the Lorentz transformations. Assume that 
the speed of light is c in the planet’s reference frame. 
Under what conditions would your Galilean formula 
for Ивр give answers correct to within an accuracy of 
about 1%? (8 marks) 
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THIS ASSIGNMENT IS DIVIDED INTO TWO PARTS. PART A DOES NOT COUNT TOWARDS YOUR 
TOTAL MARK. PART B DOES COUNT. 


PART A The questions in this part of the assign- 20°C to 40°C. 
ment cover Units 11—13. Part A of this assignment | F The rate at which molecules of an ideal gas 
does not count towards your total mark for this ~ diffuse through a porous plug decreases if the 
assignment. temperature falls. 
Questions 1—7 refer to Units 11 and 12. /Q3 Using data from Table 1 of Unit 11, calculate 
the energy in joules required to raise the temperature 
ОТ One very cold day, the mercury column in your of 4kg of granite from 14°C to 30°C. Assume no 
mercury-in-glass thermometer has a length of 1 ст. heat losses. Choose the response from the key closest 
You would like to know the temperature 7, but the to the correct answer, and pencil across one cell in 
thermometer is only calibrated between 0°C and row 3. 
120°C, at which temperatures the lengths of the KEY for Q3 
mercury column are 2cm and 10cm respectively. 
Choose the one response from the key closest to the А 0.3 x 10*J Е 3.7x 10*J 
temperature T. You may assume that the cross- В 1.2x104J Е 42х 104J 
sectional area of the column is uniform. Pencil across C 17x 104J G\ 5.1 x 104J 
С 28 Е D 23x 104] Н 11.0x 1047 
KEY for QI 
A —35°C E)-15°C Q4 Using data from Table 2 of Unit 11, calculate 
x = the energy in joules required to convert 4kg of solid 
B -30°C Е -10°C : а = nee 
gold at its melting point into liquid gold. Assume no 
C2 Ee исто C heat losses. Choose the response from the key closest 
D -20°C to the correct answer, and pencil across one cell in 
row 4. 
1 Q2 Select from the key the two statements that are KEY for Q4 
correct. Pencil across two cells in row 2. 
A 62J Е 2.6 x 105Ј 
с. E В 4.2x103J F 6.2x105J 
А The triple-point temperature of water depends on C 62x 103] G 71x 105) 
the pressure. 
D 6.2.x 104J Н 4.2~x 10°J 


В Although the molecules in a gas have a range of 
speeds, the speed of a given molecule does not 
change with time unless the temperature of the 
gas changes. 


Q5 to Q7 А certain particle has a lifetime of 2.2 x 
10-65 as measured by an observer at rest with 
respect to the particle. The particle’s rest frame is 


С Two samples of different ideal gases can only be moving with constant velocity 0.6c relative to the 
in thermal equilibrium if their pressures are the laboratory as measured by an observer at rest in the 
same. laboratory. 


D Two samples of different ideal gases can have the 
same total internal energy even if their 
temperatures are different. 


Q5 How far does the particle travel during its 

lifetime according to an observer in the laboratory? 

Choose the one response from the key that is closest 

E The speed of sound in an ideal gas increases by a to the correct answer. Pencil across one cell in row 
factor of y2 when its temperature changes from S: Z 


Q6 How far did the particle travel during its 
lifetime in the frame of the observer travelling with 
the particle? Choose one value from the key and 
pencil across one cell in row 6. 


Q7 How far does the laboratory move during the 
lifetime of the particle according to the observer 
travelling with the particle? Pencil across one cell in 
row 7. 


KEY for Q5 to Q7 


A Om E 860m 

B 400m F 1000m 
C 500m G 1120m 
D 620m H 1400m 


Questions 8—11 refer to Unit 13. 


Q8 A certain light source emits equal numbers of 
photons per second at just two wavelengths: 400nm 
(violet) and 600 nm (orange). The total power of the 
source is 100W. Choose from the key the one 
response that is closest to the total number of 
photons emitted per second. Pencil across one cell in 
row 8. 


KEY for Q8 а 

А 3.0 x 1079 E) 2.4 x 1020 
Ве Ко 1020 Е 3.0~x 1020 
С 1.4~x 1020 G 1.2~x 10?! 
D 2.0 x 1020 


Q9 Which two of the following statements 
concerning the Thomson and Rutherford models of 


the atom are correct? Pencil across two cells in row 
9. 


KEY for Q9 


А According to Thomson’s plum pudding model of 
the atom, it is possible for o-particles in Geiger 
and Marsden’s experiment to be deflected through 
more than 90° by multiple scattering events. 


~ B Thomson showed that some atoms would Бе 


completely stable if the electrons moved in 
certain prescribed orbits. 


/ 
yx G 


C The Rutherford model of the atom can account 
for the stability of the orbits. 


D The Thomson model predicts that the electron in 
an atom has one of a number of discrete energies. 


XE The Rutherford model of the atom cannot explain 


why the typical radius of an atom is about 

10- "От. 
F When ап c-particle is fired towards a stationary 
nucleus, its distance of closest approach is 
directly proportional to its initial kinetic energy. 


Using the Rutherford model of the atom, large- 
angle deflection of the a-particles in Geiger and 
Marsden’s experiment was accounted for by 
assuming that the o-particle experienced multiple 
scattering events at many nuclei. 


H According to Rutherford’s scattering theory, the 
smaller the impact parameter of the incident a- 
particle, the smaller the angle through which it is 
deflected. 


Q10 An electron in a hydrogen atom makes a 
transition from the n = 103 level to the n = 102 
level. In which region of the electromagnetic spec- 
trum is the emitted photon? Pencil across one cell in 
row 10. 


KEY for О1О 
A y-ray D Visible 
B X-ray E Infra-red 


С Ultra-violet F) Microwave 

О11 The X-ray spectrum of a fictional material, 
equalium, contains 6 characteristic lines at wave- 
lengths of 0.01 пт, 0.02 пт, 0.03nm, 0.04nm, 
0.05nm and 0.06nm. Choose from the key the 
number of lines that would be present in the 
spectrum emitted by an equalium target in an X-ray 
tube with an accelerating voltage of 26kV. Pencil 
across one cell in row 11. 


KEY for Q11 

А None E 4 
B 1 F= 
O2 G 6 
D 3 


PART B The questions in this part of the assign- 
ment cover Units 11—13. The marks for Part B do 
count towards your total mark for this assignment. 


Q12 A cylinder of helium gas is used at a school 
fête to inflate 80 balloons. Each balloon, when filled, 
has an internal pressure of 1.2 atmospheres and 
contains 5 litres of gas. At the beginning of the day, 
the pressure of the gas in the cylinder, whose internal 
volume is 20 litres, is 100 atmospheres. Choose from 
the key the one response that is closest to the 
cylinder pressure in atmospheres after the 80 balloons 
have been filled. (You may assume that the helium 
behaves as an ideal gas, that no gas is lost, and that 


the temperature T of all the gas remains constant, 
irrespective of whether it is in a balloon or in the 
cylinder.) Pencil across one cell in row 12. 


KEY for Q12 
A 49 


E 

F 96 
G There is not enough gas to fill all 80 balloons to 
the stated pressure and volume. 


О13 Figure 1 shows the Maxwell—Boltzmann 
distribution appropriate to a particular sample of 
nitrogen gas molecules. The relative molecular mass 
of nitrogen is 28. Choose from the key the one 
response that is closest to the temperature of the gas. 
Pencil across one cell in row 13. 


KEY for Q13 

A 0“С B= 33°56 

B= 82 F 47°C 

CESC G There is not enough informa- 
D )27°C tion to answer the question. 


4 number of molecules with 
speed within 0.5m 5! of v 


> 
molecular speed v /m 5! 
FIGURE 1 


О14 A год is pointed along and moves along the 
x-axis of an inertial frame F, with constant speed 
V = Зе/5. It is measured by an observer in F to be 4 
metres long. An observer in a frame in which the rod 
is stationary measures its length to be d. Choose 
from the key the response that is closest to the value 
of d, and pencil across one cell in row 14. 


KEY for Q14 

А; 5.0m E 3.2m 
B 4.2m F 2.6m 
C 4.0m G 14m 
D 3.7m H 0.7m 


Q15 According to an observer in an inertial frame 


G, a clock is moving along the x-axis with constant 
speed V = 4c/5. According to an observer in the frame 
in which the clock is stationary, 30 seconds has elaps- 
ed since the clock passed the origin of frame G. How 
long has elapsed according to the observer in frame 
G? Choose the response from the key closest to the 
correct answer, and pencil across one cell in row 15. 


KEY for Q15 

A 83s E 30s 
B 715 E 19's 
С 505 G 185 
D 475 Н 115 


Q16 A photoelectric effect experiment is performed 
with the apparatus shown in Figure 14b of Unit 13. 
With incident electromagnetic radiation of frequency 
f the stopping voltage is 3.0 V. When the frequency 
of the radiation is doubled to 2f, the stopping voltage 
changes to 7.1 V. Choose from items A-D in the key 
the one response that is closest to the value of f, and 
from items Е-Н the one response that is closest to 
the value of the work function of the material. Pencil 
across two cells in row 16. 


KEY for Q16 2 

А 3x 10°Hz (Е) 1.8 х 10-!9еу 
В 7х 10!4Hz F 11еу 

СС) 1x 10'5Hz G 3.0eV 

D 2x 10!5Hz Н 4.1eV 


О17 The electron in a hydrogen atom is occupying 
the Bohr orbit for which n = 75. Choose from the key 
the one response that is closest to the radius of this 
orbit. Pencil across one cell in row 17. 


KEY for Q17 

А 5.0x10-!!'m Е 10х10-ет 
В 1.0x 10-!0т Е 3.0х 10-5 т 
С 5.0 х 10-9т G 5.0 х 10-3 т 
D )3.0x 10-7 т Н 1.0х 10-! т 
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Question 1 


This question is related to Unit 13 and carries 30% of 
the marks for this assignment. 


In 1937, the English physicist Paul Dirac suggested that 
the value of Planck’s ‘constant’ h may not always have 
had its currently accepted value of 6.63 х 10-34]. The 
idea was that the value of this quantity may have 
changed significantly as the Universe evolved. Although 
there is as yet no clear empirical evidence to support this 
hypothesis, it is amusing to contemplate the 
experimental results that would be observed in regions 
of the Universe in which A has a value that is 
significantly different from the currently accepted value 
on Earth. 


Imagine a galaxy in which the theories that have been 
formulated on Earth are correct, in which all the 
fundamental constants (фо, Ho, с, k, е, Me, ..., etc.) аге 
the same as ours on Earth, but in which the value of 
their Planck constant (h’, say) is double that of ours (h). 
Suppose that you are in contact with a group of alien 
scientists in this galaxy who have a well-equipped 
laboratory, who use units of mass, length, time, etc., 
identical to ours, who speak perfect English, but who 
know nothing about quantum mechanics. In order to 
help them to begin research into this fascinating subject, 
you advise them to investigate the photoelectric effect in 
the way described in the Text of Unit 13. 


(a) Discuss briefly the way (or ways) in which the 
aliens’ results concerning the photoelectric effect would 
differ from those obtained on Earth. Also, discuss 
briefly the way (or ways) in which their results would be 
the same as those obtained on Earth. (12 marks) 


(b) Describe very briefly with the aid of a 
sketch-graph how the aliens could use their data on the 
photoelectric effect to measure their value of h’. 

(6 marks) 


(c) Some of the observable properties of the hydrogen 
atoms in the aliens’ laboratory will differ from the 
observable properties of hydrogen atoms on Earth. State 


(d) Do you expect that the following experiments will 
give the same results in the aliens’ laboratory as an 
analogous experiment carried out on Earth? For each 
experiment, give (in one sentence) a reason for your 
answer. 


(i) Ап experiment to measure the wavelengths of the 
characteristic X-rays of tungsten. 


(ii) An experiment to measure the electrostatic force 
between two electrically charged metal spheres. 
(6 marks) 


Question 2 


This question is related mainly to Unit 14 and_carries 
38% of the marks for this assignment 


(a) Compare and contrast the predictions of the Bohr 
and Schrödinger theories of the hydrogen atom with 
particular reference to the electron’s (i) radial position, 
(ii) total energy, and (iii) angular momentum. What 
grounds (theoretical and experimental) are there for 
regarding the Schrédinger theory as superior? 

(10 marks) 


(b) Figure 1 shows the radial wavefunction of an 
electron in the 3p state of the hydrogen atom as given by 
the Schrödinger equation. Use it to sketch roughly the 
radial probability density for this electron. Indicate on 
your sketch the most probable radial location of the 
electron, and compare this with the radius of the 
corresponding Bohr orbit. Give a rough estimate of Ar, 
the uncertainty in the electron’s radial position. 

(10 marks) 


radial distance г/а,, 


y (r) for a Зр electron 


one such observable property, and state exactly by how 40 
much the aliens’ determination of the property should а 
differ from a determination of the same property made 
by an observer on Earth. (6 marks) 

FIGURE 1 
Copyright © 1992 The Open University SUP 241276 
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(c) Give the magnitude of the angular momentum L of 
a 2p electron, and the possible values of L,, its 
z-component. Draw a diagram analogous to Figure 26 
on p. 47 of Unit 14 showing the possible orientations of 
L. Given that L, has a particular value, what can be said 
regarding L, and L,, the other components of L? 

: (8 marks) 


(d) A hydrogen atom subject to a magnetic field 
undergoes transitions from the 3p levels to the ground 
state level. Draw a diagram analogous to Figure 46 on 
p. 72 of Unit 14, showing the transitions that are 
allowed according to the selection rules of Unit 14, 
Section 6.8. How many spectral lines will be observed 
experimentally? (You may ignore any effects of electron 
spin.) (10 marks) 


Question 3 


This question is related in Unit 15 and carries 32% of 
the marks for this assignment. 


(a) Identify the crucial assumption underlying the use 
of the same quantum numbers for the quantum states 
both of electrons in heavy atoms and of the electron in 
the hydrogen atom. Briefly explain why this assumption 
is reasonable, and why the use of the quantum numbers / 
and m; is justified only if the assumption is true. 

(6 marks) 


(b) State the information that, in the Hartree method of 
calculation of the quantum states of electrons in heavy 
atoms, is initially input into the Schrödinger equation. 
Explain carefully how the information required could be 
generated given the atomic number Z of the appropriate 
atom. (6 marks) 


(c) State why the initial solutions of the. Schrodinger 
equation obtained from the information described in (b) 
are most unlikely to accurately predict the quantum 
states of the electrons. Explain how better predictions . 
are obtained by the Hartree method. (7 marks) 


(d) The alkali metal potassium has Z = 19. Write down 
its electronic configuration in both standard notation and 
box notation. Which of the 19 electrons is the least 
tightly bound? What is the ionization energy of a 
hydrogen atom in a state with the same value of n as that 
of the least tightly bound electron in potassium? The 
measured ionization energy for removal of the least 
tightly bound electron in potassium is 4.34eV. Explain 
why these two ionization energies are different. 

(7 marks) 


(e) Using Figure 13 on p. 19 of Unit 15 as a guide, 
make a rough sketch showing how you expect the total 
radial probability density for a potassium atom to look. 
State clearly the points of difference with Figure 13. 
(6 marks) 
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Note For each question, you must pencil across either the required number of 


answer cells or the ‘don’t know’ cell. 


THIS ASSIGNMENT IS DIVIDED INTO TWO PARTS. PART A DOES NOT COUNT TOWARDS YOUR TOTAL 


MARK. PART B DOES COUNT. 


PART А The questions in this part of the assignment 
cover Units 14—16. Part A of this assignment does not 
count towards your total mark for this assignment. 


Questions 1—7 refer to Unit 14. 


ОТ A photon in a beam of X-rays of wavelength 
3.7 x 10-3пт collides with a stationary free electron 
and is scattered through an angle of 55° relative to its 
initial direction. What is the equivalent wavelength of 
the scattered photon? Choose the response that is closest 
to your answer, and pencil across one cell in row 1. 


KEY for Q1 


А 1.7 x 1073nm 
В 2.7 x 10-3nm 
С 4.7 x 10-Зпт 
D 5.8 x 10-3nm 


Е 5.9 х 10-3пт 
Е 6.1 х 10-3nm 
G 6.7 х 10-3пт 


Q2 Ш а laser cooling process, rubidium atoms (mass 
number 85) in a vapour state are cooled to a temperature 
of 10-5 K. At this temperature, the mean speed of the 
atoms is 0.05 т5-!. What is the de Broglie wavelength 
of a rubidium atom which is moving at this speed? 
Choose the one response from the key that is closest to 
the correct answer. Pencil across one cell in row 2. 


KEY for Q2 

А 10-3m Е 10-8т 
В 10-32т F 107m 
С 10-5т G 102т 
D 10-!6т Н 10’m 


Q3 This question concerns the intensity distribution 
patterns observed when a beam of electrons passes 
through a double slit and strikes a distant fluorescent 
screen. Choose the two items in the key that correctly 
apply to this situation. Pencil across two cells in row 3. 


KEY for Q3 


А Quantum mechanics does not allow us to calculate 
the probability that each electron will be detected in 
a given region of the screen. 


B Quantum mechanics does not allow us to predict 
the path of an electron between the slits and the 
screen. ; 


C “The probability of an electron being detected in a 
given region of the screen is proportional to the 
square of the wavelength of the de Broglie wave in 
that region. 


D The probability of an electron being detected in a 
given region of the screen is proportional to the 
wavelength of the de Broglie wave in that region. 


E Two peaks will be observed in the distribution 
pattern corresponding to electrons that have passed 
through each of the two slits. 


F If one slit were blocked, the electron intensity 
would be reduced by a factor of two at all regions of 
the screen. 


G If one slit were blocked, the electron intensity 
would increase at some regions of the screen. 


Q4 The statements in the key are related to the 
uncertainty principle and to the correspondence 
principle. Select the two correct statements, and pencil 
across two cells in row 4. 


KEY for Q4 


A A wave packet can be used to describe a particle that 
has a precisely specified momentum. 


В The more localized a wave packet is, the smaller is 
the range of wavelengths from which it is 
constructed. 


С If the x-component of momentum of an electron is 
measured with an uncertainty of 10-28 котѕ-!, it is 
impossible subsequently to measure the position x 
of the electron to an uncertainty of 10-8 т. 


D If the energy of a particle is measured at a time that 
is known with an uncertainty of 10-!05, then the 
uncertainty in the measured energy must be greater 
than 10-25Ј. 


Е Schrédinger’s equation cannot be used to study the 
motion of a satellite around the Moon. 

F Classical mechanics and quantum mechanics make 
similar predictions in situations where the 


appropriate quantum numbers have very large 
values. 


С Newton’s laws of motion make the same predictions 
as the Schrödinger equation in the limit when the 
quantum numbers are very small. 


О5 The key contains five correct statements about the 
Schrödinger equation and its applications and two 
wrong statements. Which two of the statements are 
wrong? Pencil across two cells in row 5. 


KEY for Q5 


A The Schrödinger equation describes a particle in 
terms of its wave properties. 


В To apply the Schrédinger equation to a particular 
problem, it is necessary to know the potential 
energy function appropriate to that problem. 


C The Schrödinger equation predicts that the energy 
of any particle can have only certain discrete values. 


D The Schrödinger equation predicts the same energy 
levels for an electron confined in one dimension 
between rigid vertical walls and for an electron in a 
hydrogen atom. 


E According to the Schrödinger equation, three 
quantum numbers are required to specify the state of 
an electron in a hydrogen atom. 


F In general, the higher energy levels of an electron in 
a hydrogen atom are more closely spaced than the 
lower energy levels. 


G The Schrödinger equation successfully predicts the 
intensities of the spectral lines of atomic hydrogen. 


Q6 The statements in the key are related to the 
quantum mechanical description of the hydrogen atom. 
Select the two wrong statements from the key, and 
pencil across two cells in row 6. 


KEY for Q6 


А According to the Schrédinger theory, the principal 
quantum number n uniquely determines the orbital 
angular momentum of the electron in the hydrogen 
atom. 


В The spectroscopic notation for the state of a 
hydrogen atom with quantum numbers n = 4, l = 2, 
m, = 2, т, = 1 is 4d. 

С An excited hydrogen atom in a state with и = 3, 
l = 2, ту = 1 is very unlikely to make a transition to 
a state with n = 2,/= 1, m = – 1. 

D The magnitude of the spin angular momentum of an 
electron is 17. 


E The z-component of an electron’s spin angular 
momentum can take the values 14 and - 17. 


F According to the Schrödinger theory, the 4p states 
of a hydrogen atom are split into three different 
energy levels in the presence of an external 
magnetic field. 


О Assuming that small energy differences due to spin 
effects are neglected, in zero magnetic field there 
are 7 other states of a hydrogen atom that are 
degenerate with the state described by n = 2, / = 2, 
m= 1, m; = –}. 


Q7 Choose from the key the correct value for the 
magnitude of the spin angular momentum of an 
electron. Pencil across one cell in row 7. 
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KEY for Q7 

A 0.087 Е 0.507 
В 0.14h Е 0.67h 
С 0.16h G h 

D 0.20h 


Questions 8 to 10 refer to Unit 15. 


Q8 One of the isotopes of neon has an atomic number 
Z = 10 and mass number A = 22. Which two of the ` 
statements in the key are correct? Pencil across two cells 
in row 8. 


KEY for Q8 
A All isotopes of neon contain 12 protons. 


В The charge on the nucleus of the neon isotope that 
has mass number A = 21 is 1.44 x 107 9С. 


С An excited un-ionized neon atom must have an 
electron in a state with n > 2. 


D A neon atom in its ground state must have an 
electron with an orbital angular momentum 
quantum number equal to 2. 


E A neon atom in its ground state must have 5 
electrons with m, = +3. 


F The electron energy levels in neon are identical to 
those in all other atoms with A = 22. 


С Neon is in the same Period of the Periodic Table as 
argon. 


Q9 A radioactive sample contains 10!8 atoms of 
isotope X. If, after 5 hours, 10!7 atoms of X remain, 
what is the half-life of isotope X? Choose the one 
response from the key that is closest to the correct 
answer, and pencil across one cell in row 9. 


KEY for Q9 

A 0.15h E25 
В 0.85h ес ЈА 
С 1.1h G 85h 
D 1.5h 


Q10 The statements in the key are related to the 
Hartree method for determining the properties of a neon 
atom. Select from the key the one statement that is 
wrong, and pencil across one cell in row 10. 


KEY for Q10 

A А good first approximation for the potential energy 
of an electron in a neon atom 15 Eq = —10e?/4né or 
when the electron is close to the nucleus, and 
Ea = —e?/4népr when the electron is far from the 
nucleus. 


В Since each electron in a neon atom experiences а 
central force, the quantum states for the electrons 
correspond to definite values of the magnitude of 
the angular momentum. 


С The total radial probability density for a neon atom 
calculated by the Hartree method shows two 
pronounced maxima. 

D The radius of a neon atom calculated using the 
Hartree method is about 10 times greater than the 
radius of a hydrogen atom. 


Questions 11 to 14 refer to Unit-16. 


Q11 Choose from the key the two reactions that are the 
most important in young, main sequence stars. (The 
energy liberated or absorbed in these reactions has been 
omitted from the equations). Pencil across two cells in 
row 11. 


KEY for Q11 
p+tprod+t+ett+yv 
pte SNFV 

p + 3He > Не + e+ + у 
Не + Не > ЗВе 


4 3 7 
„Не + „Не > „Ве + y 


аео е == 


ВВ > Ве + et + у 


012 Broadly speaking, nuclei that are heavier than е 
play little part in stars younger than the Sun, although 
these nuclei are important in older stars. Choose the two 
items from the key that are both true and explain why 
the fusion rates of the heavier nuclei are very low. Pencil 
across two cells in row 12. 


KEY for Q12 


A In the hot interiors of young stars, the heavier nuclei 
dissociate into their constituent protons and 
neutrons. 


В Тһе Coulomb barriers of heavy nuclei are generally 
higher than those of light nuclei. 


C The number of electrons surrounding a heavy 
nucleus is greater than the number of electrons that 
surround a light nucleus. 


D Since, at a given temperature, heavy nuclei on 
average travel more slowly than lighter nuclei, 
tunnelling is less important in heavy nuclei than it is 
in lighter nuclei. 


E In a young star, the rates of fusion reactions of 
heavy nuclei are greater than the rates of fusion 
reactions of lighter nuclei. 


F Hydrogen and helium predominate in the 
composition of matter from which stars are formed. 


Q13 A main sequence star, of mass 1.5 x 10°°kg and 
radius 8 x 108m collapses, with no loss of mass, to 
become а white dwarf with radius 1.5 x 107m. What is 
the change in gravitational potential energy of 103 ко of 
material that was initially at the surface of the main 
sequence star and that ends up at the surface of the white 
dwarf? Select the one response from items А-Е of the 
key closest to the magnitude of the change, and one 
response from items С-Н corresponding to the sense of 
the change. Pencil across two cells in row 13. 


KEY for Q13 
A 4x 108J О The gravitational 
B 6x 10!2J potential energy 
С 7x 10153 increases. 

Н The gravitational 

18 

eee Sa potential energy 
E 4x105J decreases. 
Е 8x 103!J 


О14 Suppose that the radius of a white dwarf is 
reduced by 2 per cent. What is the change in the average 
kinetic energy of the electrons, assuming that the speed 
of the electrons is much less than the speed of light? 
Select the one response that is closest to your answer, 
and pencil across one cell in row 14. 


PART B 


The questions in this part of the assignment cover Units 
14-16. The marks for Part B do count towards your 
total mark for this assignment. 


Q15 An electron is confined in two dimensions inside 
a square-shaped container, each of whose sides has 
length D. The potential energy of the confined electron 
is always zero, and, according to quantum mechanics, its 
energy levels are given by 

k2 


Eist = 8m.D2 (т? + п2) 


where n; = 1 or 2 ог 3, etc., and m = 1 ог 2 or 3, etc. 
When the electron makes a transition from its second 
lowest energy level to its lowest energy level, a photon 
of electromagnetic radiation is emitted. What is the 
frequency associated with the photon? Choose the one 
correct statement from the key, and pencil across one 
cell in row 15. 


KEY for Q14 

А Мо change Е 2 рег cent decrease 

В 2 per cent increase F 3 per cent decrease 

С З per cent increase G 4 per cent decrease 

D 4 per cent increase Н 8 per cent decrease 
KEY for О15 

А 5h?/(8m.D?) Е 3h?/(8m,D7) 

В  5h/(8m,.D?) Е 3h/(8m.D?) 

С 3h/(8m,cD7) G Infinity, since the mass 


D 8m,cD?/(3h) of the photon is zero 
Q16 Which two of the statements in the key about an 
electron in the 3p quantum state in a hydrogen atom are 
correct? (You should assume that each statement refers 
to a hydrogen atom that is not subject to a net magnetic 
field.) Pencil across two cells in row 16. 


KEY for Q16 

А The electron could have the set of quantum numbers 
Иса Бе ау т 

В A wavefunction that describes this electron also 
describes the electron in the 3s state of hydrogen 
since both quantum states correspond to the same 
energy level. 


C The magnitude of the electron’s orbital angular 
momentum is \2h/2n . 


D At least 4.5eV of energy would need to be 
transferred to this electron to remove it from the 
atom. 


E The ‘wavefunction for the electron is spherically 
symmetric. 

F The z-component of the orbital angular momentum 
is always zero. 


G There is a total of 18 degenerate states in the 
hydrogen atom with an energy equal to that of the 
3p state. 


Q17 The half-life of the 2350 nucleus is 7.1 x 108 
years, and the half-life of 2380 is 4.5 x 10° years. 
Uranium ore is now found to contain 0.7% 2250 relative 
to 2580 . Which two of the statements in the key are 


correct? Pencil across two cells in row 17. 
KEY for Q17 


A Uranium ores used to contain less than 0.7% 733U 
relative to 23807 . 

B Uranium ores have always contained 0.7% 2220 
relative to 22807 , though the absolute amounts of the 
two isotopes used to be higher. 


C If the number of 733U nuclei іп a sample were 
1.00 x 10!°, then 28.4 x 108 years later the number 
that would have decayed would be 0.75 x 1019. 

D The time needed for the number of 2380 nuclei in a 
given sample of ore to change by a factor of 16 is 
18 x 109 years. 

E The energy of an a-particle produced today in the 
decay of 2280 is a quarter of the energy of an 
@-particle produced in the decay of 2280 9 x 109 
years ago. 


F The nucleus formed when 2380 undergoes о-бесау 


contains 146 neutrons and 90 protons. 

G If 100 255) nuclei decay in a particular sample іп 
a 10s period on a certain day, it is possible that 
101 2550 nuclei will decay in the same sample in a 
10s period 10 years later. 


Q18 Select from the key the two correct statements 
about transitions and lasers. Pencil across twe cells in 
row 18. 


KEY for Q18 


A Lasers based entirely on spontaneous emission can 
be built but they only produce weak beams. 

В The spontaneous emission spectrum of a given gas 
is continuous, i.e. does not contain spectral lines. 


C A stimulated emission from a given gas can only 
occur for incident light of certain discrete 
wavelengths. 


D Laser action only occurs when there is a population 
inversion. 


Е An incident photon can cause an electron to be 
excited from the ground state of an atom without 
any change in its own energy. 


F In a laser, each photon passing through the gas 
between the mirrors produces two identical photons. 


О19 An astronomer measures the spectrum of a star in 
our galaxy. He finds that the peak in the black-body 
spectrum occurs at a wavelength of 600nm. Select from 
the key the one response closest to the average 
translational kinetic energy (in eV) of an atom at the 
surface of this star. Pencil across one cell in row 10. 


KEY for Q10 

А 1.5eV Е 0.85eV 
В 1.3eV Е 0.65eV 
С 11еу С 0.50еу 
D 1.0eV Н 0.33eV 


Q20 The key contains seven statements about stars and 
white dwarfs. Choose the two statements in the key that 
are correct, and pencil across two cells in row 20. 


KEY for Q20 


А The gravitational potential energy released when a 
gas cloud collapses to form a star is only a small 
fraction of the total energy radiated by the star in its 
lifetime. 


B The average kinetic energy of nuclei in the Sun is 
much more than the height of the Coulomb barrier 
that opposes fusion reactions. 


С There is an inverse correlation between the masses 
of main sequence stars and the power that they 
radiate: generally, the less massive stars radiate 
more power. 


D The average energy of the electrons in a white dwarf 
would not change appreciably if the temperature 
dropped by a factor of two. 


E White dwarfs with a mass greater than 2Ms, where 
Ms is the Sun’s mass, are consistent with generally 
accepted theories, but they have not been observed. 


F White dwarfs have higher absolute luminosities 
than main sequence stars because their surface 
temperatures are higher. 


G When a main sequence star collapses to form a 
white dwarf, the increase in magnetic field is 
directly proportional to the ratio of the radius of the 
main sequence star to the radius of the white dwarf. 
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